The international trade of tobacco probably involves more movement in and among countries than any other agricultural commodity. Leaf tobacco used to prepare the blend -for a particular brand of cigarettes in England may have been purchased from Rhodesia, Canada, Turkey, Iran, Dominican Republic, Philippine Islands, and India. Following manufacture, one day's production of that brand could ultimately be offered on the retail market in the United States, Sweden, West Germany, Australia, Taiwan, Brazil, Hong Kong, and Singapore. Or, the unmanufactured or manufac-· tured product may have been purchased in any of these countries and ultimately sold to another country. It is obvious that this type of trade is possible only if there are no restrictions on purchase of tobacco by any country involved in this extensive international enterprise or if all countries comply with the restrictions made by one country which manufactures or imports large quantities of tobacco. For example, assignment of tolerances to pesticide residues on tobacco by any major country effectively places worldwide tolerances on this product. Since publication of Silent Spring (B) in 1962, it became only a matter of time before pesticides used on tobacco would be more carefully scrutinized by the United States and other governments. The informal action to restrict the use of chlorinated hydrocarbons on tobacco by the Entomology Section of the U. S. Tobacco Workers' Conference in 1964 (2) was ultimately extended to formal establishment of pesticide tolerance limits on tobacco by the West German Government (3). To date, West Germany, Jugoslavia, and Sweden are the only countries to enact legislation establishing pesticide tolerance limits on tobacco sold within their boundaries. The West German law is by far the most comprehensive, covering all manufactured tobacco and a number of pesticides, and it seems likely to become effective on January 1, 1978. Several years ago, Jugoslavia enacted legislation which limited certain dithiocarbamate fungicides to 5 ppm on tobacco. Recently, Sweden enacted legislation to ascribe tolerances on snuff and chewing tobacco but withheld regulations on other tobacco products. It seems likely that a number of other countries, particularly members of the European Community, will enact legislation similar to that in West Germany in the near future. The precise details of the West German law have not been finalized, and some changes seem likely. However, the tolerances for the major pesticides used on tobacco probably will be similar to those listed in Table 1. A number of relatively minor pesticides and fumigants have been omitted from the table because they seem unlikely to occur in high enough average amounts on the world market to contribute significantly to residue problems when one considers the blending operations presently common in tobacco manufacture.
In considering legislative restrictions on tobacco, two types of actions were considered for this discussion.
1. Restrictions on import of tobacco caused by assignment of residue tolerance laws by a governmental agency. 2. Restrictions on grower use of pesticides by governmental or commercial interests to protect an export market. Restrictions on imported tobacco seem likely to be made on the commercial product, either that produced from imported, unmanufactured tobacco for sale in that country or tobacco products made m other countries and exported to the country with the tolerance law. This type of restriction seems unlikely to be placed directly on unmanufactured tobacco by the government, but it requires the tobacco manufacturer or seller to have adequate residue information on the tobacco he imports (or obtains domestically). The West German legislation is typical of this kind of action.
Restrictions on the use of pesticides within a country whidt itself does not have a tolerance law are largely enacted to permit export of unmanufactured tobacco to a country whidt has placed residue tolerances on tobacco. South Africa: No tolerance laws. Tobacco interests restrict the use of chlorinated hydrocarbons and other pesticides. Growers are provided with a list of approved chemicals and an application schedule that should be followed to avoid undesirable residues. Surveys of residues have been made on domestic tobacco for several years.
Sweden: Tolerance laws have been restricted to snuff and chewing tobacco only; extensive analyses of all tobacco purchased have been routine for the past several years, and future purchases will be based on compliance with the West German law.
Switzerland:
No tolerance laws. The use of chlorinated hydrocarbons on domestic tobacco is restricted. Stringent limitations on pesticide residues on imported tobacco is under consideration, and tobacco has been monitored for several years. West Gennany: Tolerances on residues of pesticides on tobacco in commerce have been established.
It seems appropriate at this point to examine the effect that the pending West German regulation and the reSulting actions made by the international tobacco interests have had on residues of pesticides. The events leading to this situation were summarized in 1968 (16) . The data reported in the present discussion may seelh_ to place too much emphasis on U. 5. tobacco, but there are a number of reasons for this: '1. There have been more comprehensive studies made, and more data published, in the U. S. concerning residues on tobacco during the past 15 years. 2. Widespread use of pesticides has occurred throughout most of the U. 5. tobacco-producing belts. 3· ApprOximately one-third of U. 5. unmanufactured tobaccos are found in the export market. In addition, U. S. manufactured tobacco is extensively imported into many foreign countries.
Pesticide Residues on Tobacco Products
The data summarized in Table 2 indicate that there has been little c:hange in the residues of DOT on commercial cigarettes and other tobacco products since the recent concern abOut residues. The 1972 survey of cigarettes is &om a limited number of brands and may not necessarily indicate a true decline. DOT components on other manufactured tobacco products also have not shown any drastic decline during the past several -years. Residues of endrin have decreased on cigarettes, but they are still well above proposed tolerance levels on other types of tobacco. Endosulfan and dieldrin residues appear to be below proposed tolerances on all types of tobacco tested, but toxaphene residues are well above prOposed tolerances. Residues of parathion on cigars are below tolerances proposed. Limited surveys also indicate that malathion and disyston. residues are below proposed tolerances. (6, 12, 13, 15, 16, 20 
Pesticide Residues on Unmanufactured Tobacco
A number of surveys have been made on pesticide residues on tobacco at auction sales and tobacco in storage. The data shown in Table 3 are from a study on hurley tobacco which parallels results of several other investigations on flue-cured and other types of tobacco taken during warehouse sales. DOT components remained at high levels through 1969 and then dramatically decreased on hurley, flue-cured, and most other types of U. 5. tobacco. Although levels are some 1ho to 1/20 of those of several years ago, they are still well above tolerances presently proposed in the West German law. Endrin residues, well below early 1960 levels, vary considerably among the belts. Although this survey on hurley tobacco (Table 3) indicates a small residue of endrin, results from a number of other surveys indicate that endrin residues are more frequently at background levels. Dieldrin residues are slightly above the projected tolerance on hurley and certain other air-cured types, but these residues are less frequently detected on flue-cured tobacco. Endosulfan residues have increased on hurley tobacco in recent years and average 1-3 ppm in the flue-cured areas. Toxaphene, whose use has been discouraged since 1955, continues to plague the indu- Table 4 , residues of insecticides are in general agreement with the results previously mentioned. One study includes data for carbaryl residues which are 1.5 ppm, well below the proposed tolerance. In· the survey made in Florida, a high-use area for parathion, the average parathion residue was 0.3 ppm (below proposed tolerances) and random samples from one warehouse averaged nearly 2 ppm. The report for residues of maleic hydrazide is in general agreement with a large volume of published (7) and unpublished data and these residues are felt to be generally representative of flue-cured tobacco throughout the U. 5. (use decreasing slightly as one moves north from the Florida-Georgia belts).
Residues of Pesticides on Tobacco from other Countries
Although there have been no extensive surveys reported on tobacco from other countries, there are some data available (Table 5 ). It must be stressed that •• Strlctlend and Whitley (21).
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1.5 these data are incomplete, not necessarily representative, and are included merely to illustrate the problem. The magnitude of the DOT problem in these areas is generally less than in the U. 5., but the residues are still above projected tolerances in most cases. Problems with residues of insecticides other than those shown in Table 5 are difficult to assess; however, such problems appear to be minor except in a few areas which probably contribute but a small share to the total production of tobacco. The use of dithiocarbamate fungicide for blue mold control on full-grown tobacco has been most evident in Europe but may become more widespread since various fungus diseases occur in field-planted tobacco in other tobacco-producing areas of the world. When required for field treatment, fungicide residues are of necessity well above 50 ppm and often exceed 500 ppm.
Maleic hydrazide is used for sucker control in a number of countries, but no recently published data on residues of this chemical are known outside the U. 5.
Residues from Recently Introduced Pesticides on Tobacco
Several insecticides have been introduced in recent years and are likely to become well-accepted by growers. Although there is no published information concerning the residues on commercial tobacco, some experimental tobaccos have been examined for methomyl and azodrin (1., 1.7, 22) . It would appear that residues of these compounds would not become a problem on flue-cured tobacco but might cause minor problems on air-cured types when heavy use becomes necessary. Degradation in smoke reduces their potential contribution to the residue problem.
Assignment of Responsibility of Adherence to Tolerances
Within the tobacco industry, which organizational components will determine whether the product to be manufactured, or already manufactured, will meet the tolerances to be enforced · by the country with the tolerance law?
Unmanufactured Tobacco: With unmanufactured tobacco it seems likely that the manufacturer of the product will assume responsibility for adherence to tolerances. He will undoubtedly attempt to place maximum responsibility for residues on the individual or company selling the leaf. However the manufacturer of the tobacco product cannot assume that the tobacco he purdtases meets the required residue stan- dards because he, not the seller of the raw tobacco, must meet th~ requirements of the tolerance laws. At first blush this seems like an overwhelming problem for there are at least 20 pesticides in common use on tobacco. Suitably automated analyses of multiple pesticide residues would increase the price at least $ 1.5o-2oo per hogshead. However, it must be remembered that the use of pesticides varies greatly among countries, and many of the pesticides would only cause problems under rather unusual conditions. As the tobacco interests become familiar with the residues to be expected from various areas, the prope,r pesticides can be monitored for particular blends. The problem becomes one of averages, because the blending process can be expected to dilute high residue lots by a factor of ten or more. This does not mean there are not problems, especially with respect to the very restrictive laws that are presently pending. Table  6 illustrates the problems on a hypothetical blend made from 1.971-commercial purchases whose residue content was fairly well known. It is obvious that the presently pending legislation is too restrictive for cigarettes blended from ten such purchases. The change to phosphate and carbamate insecticides may permit flue-cured tobaccos to meet tolerance standards by 1.978. However, the solution to the problem is not so obvious when products are made from aircured tobaccos in heavy pest areas where pesticides must be used during the harvest season. The main international effort on elimination of residue has been on chlorinated hydrocarbons on cigarettes, and some attention must be directed to possible residues of other insecticides on cigars, snuff, pipe, and chewing tobacco which are largely manufactured from air-cured leaves.
Tobacco Products: This problem is not concerned with the manufacturer producing products in the country which has the tolerance law but with the foreign manufacturer who exports finished products into a 200 country with a tolerance law. Such trade may be direct or it may be handled by brokers. The sales, however, will ultimately be at the retail store. The manager of the West German tobacco store, or supermarket, who handles foreign tobacco products is probably not even aware of the problem. The details of responsibility are somewhat vague. Perhaps the foreign manufacturer will have to guarantee that his product will meet the tolerances. Or, the country with the residue tolerance limits may monitor and seize foreign products as they enter the country.· As the law presently reads, the tolerance is on the commercial product, and the West German tobacco shop owner seems unlikely to know about this law until his first foreign products are seized.
Immediate Problems
Although tremendous strides have been made in recent years, there are some major problems still facing the industry as a result of the pending tolerance legislation, some seemingly unsurmountable within a few years.
Dithiocarbamate fungicides.
Maleic hydrazide.
Any pesticide (including phosphate and carbamate types) with tolerances below 2 ppm that gains extensive use on air-cured types in high pest areas unless greater emphasis on degradation during smoking is consid-ered by agencies ascribing tolerance limits.
Chlorinated hydrocarbons.
The dithiocarbamate fungicide and maleic hydrazide problems have been complicated by recent concern over ethylene thiourea (ETU) as a p<;>ssible contaminant of dithiocarbamates (4) and phenyl hydrazines as possible degradation products of maleic hydrazide (1.o). The latter concern is in controversy (1.9). Recent work by Carugno and Fedrizzi has shown that 99 Ofo of zineb disappears during smoking (9) but ETU residues were not determined. Unpublished information on maleic hydrazide appears to have reassured the West German authorities sufficiently enough that maleic hydrazide was recently taken off the restricted list of pesticides. Both compounds would probably require tolerance limi.ts of 3o-50 ppm to permit their continued widespread use on tobacco. The question of "degradable" insecticides, such as phosphates and carbamates, on air-cured tobacco has already been discussed. The problem is reiterated at this. point mainly because it is not under adequate investigation. One tends to consider the tobacco industry as synonymous with "cigarettes" but other products are an important part of the total. The problem with chlorinated hydrocarbons is due to limited use of endosulfan on foliage, minor "illegal" use or drift of toxaphene on foliage, and the problem of soil residues of DOT, dieldrin and other cyclodiene N.D .
• Vlckery (23) .
insecticides. Nearly every tobacco field in the world has residues of chlorinated hydrocarbons in the soil, either directly from efforts to control soil insect pests or indirectly from treatment of tobacco foliage. Leaves of tobacco plants grown in these soils are likely to have amounts of pesticides in excess of tolerances even where the pesticide is not applied directly to the leaves. The extremely stringent tolerance limits for some chlorinated hydrocarbons create an almost impossible situation as is well illustrated in Table 7· In this preliminary evaluation nearly every sample was well over the tolerance limit although insecticides were not applied directly to tobacco. It is suggested that the soil residues are transferred to the leaves by systemic action, by splashing of soil onto leaves by rain, by soil dust, and by volitalization from soil and condensation on leaves. Unless the present legislation is changed to a more realistic tolerance, it would appear to the writer that tobacco grown on· such contaminated soil could not be sold in West Germany after January 1., 1.978. Two environmental problems have occurred since the Stockholm CO REST A Conference that will be of interest. One concerns the total environment. There has been evidence in Sweden (1.8) that the main source of DOT components in rivers near congested areas is from the DOT in cigarette butts. In a country where DOT is banned, no other explanation for continued detection of DOT in water was suggested although one immediately questions the contribution of polychlorinated biphenyls (PCB) to this contamination problem. It will be interesting to hear from this problem when the 1.970 tobaccos become common in cigarettes. The second problem concerns human safety. Tobacco is extensively handled by human labor during culture (1.5o,ooo persons each season in the U.S. alone). When such tobacco has been recently treated with pesticides there may be hazards to harvesters. During the years of heavy. use of chlorinated hydrocarbons this was not identified as a problem because the acute dermal toxicities of these compounds were not high. However, the change to phosphates and carbamates has introduced compounds with much greater dermal hazards. In the United States, minimum re-entry periods between application and harvest are being established to protect the worker --"wait five days after application of parathion before entering fields", for example. 
